Location, like in real estate, is the most important question in electrophysiology as it determines the acute and long-term outcomes in patients undergoing ablation as well as placement of pacing or high voltage leads. Right ventricular (RV) apex is the most commonly selected location for placement of RV pacing leads. This preference reflects the ease, stability, and excellent pacing thresholds usually achieved at this location. However, human and experimental data have suggested potential deleterious effects of RV pacing on cardiac function, and thus, there has been an interest in alternate RV pacing sites. Singh et al in this issue of the journal present their study comparing right ventricular outflow tract (RVOT) and RV apical pacing using equilibrium radionuclide angiography (ERNA). To better understand and review the findings of their study or any trial of alternate site RV pacing, we must first answer the following questions.
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WHY RV APICAL PACING IS DELETERIOUS TO CARDIAC FUNCTION?
RV apical pacing leads to iatrogenic left bundle branch block (LBBB) resulting in altered left ventricular activation pattern. To appreciate why this is deleterious to left ventricle (LV) performance, we should contrast it with normal LV endocardial activation. In normal hearts with intact conduction system, LV endocardial activation occurs 0-15 ms after the onset of QRS almost simultaneously in two areas: the mid septum and the anterobasal wall. From here, it spreads briskly with total endocardial activation time of 30-50 ms, which results in synchronous mechanical contraction of all areas in the LV. 1 In pacing-induced LBBB, the activation has to spread from right to left across the septum, which is slow, resulting in earliest LV endocardial activation around 50 ms after the onset of QRS and hence interventricular dyssynchrony. From here, the activation spreads across the rest of the LV with total endocardial activation time around 80-90 ms. This time can be exaggerated in patients with underlying cardiomyopathy or previous infarction as reflected by markedly longer paced QRS duration in these patients resulting in significant intraventricular dyssynchrony. The inter-and intraventricular dyssynchrony from RV pacing results in acute decrease in cardiac pump function as shown by a decrease in the maximum dp/dt, mean arterial pressure, stroke volume, and stroke work and an increase in isovolumetric contraction and relaxation times in both animal and human studies. [2] [3] [4] The pressure volume relationship of the LV shifts rightward and it operates at a higher volume. Dyssynchrony in activation and subsequent contraction of the LV leads to heterogeneity of stretch and loading conditions in pacing-induced or native LBBB. This can cause regional changes in myocardial perfusion as seen by perfusion defects and wall motion abnormalities in many of these patients with angiographically normal coronary arteries. [5] [6] [7] These acute changes in LV performance when present over a long duration can lead to asymmetric hypertrophy, neurohormonal activation, and LV remodeling, all of which might contribute to increased incidence of heart failure, atrial fibrillation, and death observed in these patients. [8] [9] [10] [11] WHY EVERYONE WITH RV APICAL PACING DOES NOT DEVELOP HEART FAILURE?
Magnitude of the adverse effect of RV apical pacing in an individual depends on the interplay of several factors. These include (1) amount/percentage of RV pacing; (2) duration of pacing; and (3) paced QRS duration which in turn is determined by the underlying substrate. 12, 13 The last one is perhaps the most important. Patients with underlying cardiomyopathy or ischemic heart disease have longer paced QRS duration than patients without structural heart disease, suggesting poor cell to cell electrical coupling. Hence, the intraventricular dyssynchrony is exaggerated in these groups of patients, and they predictably have higher heart failure event rates with RV apical pacing. Majority of pacemaker implants are done in elderly population 14 with expected lifetime burden of RV apical pacing being small; moreover, most of the patients receiving a pacemaker have normal LV structure and function resulting in a relatively narrow paced QRS. These groups of patients are able to tolerate RV apical pacing reasonably well. This is the reason why the incidence of heart failure linked to pacing is low in clinical trials, and it has been difficult to show significant differences in clinical outcomes. On the other hand, RV apical pacing in patients with depressed LV function and paced QRS duration greater than 160 ms is associated with more than 50% probability of heart failure over a 2-year period signifying the importance of underlying substrate which is paced in addition to the site of pacing. 12, 15 WHAT ARE THE ALTERNATIVE RIGHT VENTRICULAR PACING STRATEGIES?
What would be an ideal RV pacing site? An ideal site would induce minimum dyssynchrony by engaging the conduction system early, would be easily accessible trans-venously with the currently available tools for lead implantation, and would have stable pacing thresholds and lead position over long duration of follow-up. Hisian (pacing the His Bundle) and Para-hisian (pacing the myocardium around the His bundle) pacing although restores the normal electrical activation pattern, it is technically difficult and has problems with higher pacing thresholds. 16, 17 RVOT pacing has been studied and compared with RVA pacing in multiple trials with most of them favoring non-apical pacing sites. A metaanalysis of 14 randomized controlled trials with more than 700 patients showed higher left ventricular ejection fraction (LVEF) with non-apical pacing site. The difference in LVEF between apical and non-apical sites was most prominent in trials with greater than 12 months of follow-up and depressed baseline LVEF. [18] [19] [20] Lack of uniform benefit in all trials can be attributed to selection of wrong site in the RVOT, short duration of follow-up, and smaller number of patients with normal underlying substrate. It is important to keep in mind that RVOT is a long tubular structure with many possible locations for pacing. Anterior free wall of the RVOT is easily accessible for lead placement but is anatomically distant from conduction system, pacing at this location, usually results in wide QRS, and may not represent the ideal site. Septal and posteroseptal RVOTs are relatively closer to the conduction system and therefore are better pacing sites. When the lead is implanted intentionally in the posteroseptal RVOT, the QRS duration is narrower consistent with more physiological and synchronous activation of the ventricles. 21 From the discussion in the previous paragraphs, it can be understood why it would be very hard to show clinical benefit from alternate RV site pacing if we take patients with relatively normal LVEF and follow them for a relatively short period of time. This is the main reason why most pacing trials have had difficulty in showing clinical benefit of alternate site pacing. In addition, the lead position in most of the trials has not been optimized to ensure the narrowest possible QRS duration and minimum dyssynchrony which is the eventual aim.
In the current issue of the journal, Singh et al present their study looking at left ventricular function and mechanical dyssynchrony in patients with RVOT versus RV apical pacing using ERNA over a 12-month follow-up period. The strengths of the study are the use of ERNA as a method to asses LV function, which is a highly accurate and reproducible technique compared to echocardiography which has been used in most of the previous trials and can be subjective. They enrolled adequate number of patients requiring significant amount of RV pacing. They were able to show a significant decline in LVEF with RV apical pacing and maintenance of LV function with RVOT pacing. The decrease in LVEF was small, and therefore, no significant difference was seen between the two groups. The authors did not intentionally try to place the lead in posterior/posteroseptal RVOT but the paced QRS duration was significantly shorter from RVOT compared to RV apex which is reassuring. The study for the first time also shows the use of ERNA in assessing dyssynchrony between these two groups. Although no significant difference was found, there are several reasons for this observation. This was a relatively healthy population with normal left ventricular substrate as none of the patient's had coronary artery disease or depressed LVEF, so intraventricular dyssynchrony was small to start with as compared to patients with coronary artery disease or cardiomyopathy. There was no attempt to selectively place the lead at a location closer to the conduction system and minimize the duration of paced QRS and hence dyssynchrony. Same reasons may also explain why no significant difference in LV function was seen between the true groups at the end of study period. The duration of follow-up has to be much longer in a population with normal underlying substrate to show the deleterious effect of RV apical pacing. There were no clinical data in terms of hospital admissions, heart failure events, and mortality. Despite of these shortcomings of the trial, the use of ERNA to assess dyssynchrony in this population is a novel idea. Echocardiographic assessment of dyssynchrony as the authors point out has several limitations including reproducibility, standardization, and lack of agreement on which parameters to use. Ability to accurately and reproducibly quantify dyssynchrony using ERNA might help to predict which patients are at high risk for developing pacing-induced LV dysfunction. This highrisk group can then be targeted for intervention with either BiVentricular or alternate site RV pacing.
CONCLUSION AND FUTURE DIRECTIONS
We now know from human and animal studies that RV pacing is deleterious to cardiac function, and every effort should be made to minimize it. Strategies to minimize RV pacing include use of longer or dynamic AV delays in pacemakers, mode switch algorithms, and biventricular pacing in selected population. For patients who do require significant amount of pacing, decisions regarding lead placement have to be individualized. It seems RV apical pacing is well tolerated for short duration in individuals with normal left ventricular function and structure. Therefore, it might not be unreasonable to do this in an elderly male with normal LV function compared to someone who is anticipated to live several decades and needs significant amount of pacing or someone who has structurally abnormal LV. To conclusively show the difference between non-apical versus RV apical pacing, trial design will have to keep the following factors in consideration: location of the lead in non-apical position guided by anatomy and paced QRS duration, objective assessment of dyssynchrony, underlying left ventricular substrate, and amount of pacing which will be anticipated in these patients. These factors will determine the follow-up period which is necessary to show a significant difference. In conclusion, RV apical pacing is deleterious but the magnitude of this effect varies according to patient-specific factors. Assessment of dyssynchrony using a reproducible and objective method might help us in identifying the population at risk which may benefit from alternate pacing strategies.
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